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(54) Title: MASS-BODY DRIVE FOR A ROTARY TIGHTENING DEVICE 
(57) Abstract 

In a rotary tightening device for a safety belt, particularly in 
motor vehicles, having a belt retractor, whose belt take-up shaft upon 
triggering of the rotary tightening device coupled thereto is rotated in 
the take-up direction of the safety belt, there being «~~-^tH with 
the belt take-up shaft, as a drive, a driving wheel in whose plane 
the housing of the belt retractor forms a channel, which embraces the 
driving wheel over at least part of its periphery, for the through passage 
of accelerated mass bodies acting as driving means upon the driving 
wheel and lying loosely adjacent to one another in the channel, the 
dnve is to be improved. To said end, it is provided that the driving 
wheel (11, 12, 54) is provided at its outer periphery with a gearing 
(recesses 23; 55) for receiving the mass bodies (18), the pitch of the 
gearing substantially corresponding to the spacing of the mass bodies 
(18). 
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WO 95/27638 PCT/SE95/00388 

Mass -body drive for a rotary tightening device 

Description 

The invention relates to a rotary tightening device for a 
safety belt, particularly in motor vehicles, having a belt 
retractor, whose belt take-up shaft upon triggering of the 
rotary tightening device coupled thereto is rotated in the 
take-up direction of the safety belt, there being associated 
with the belt take-up shaft, as a drive, a driving wheel in 
whose plane the housing of the belt retractor forms a channel, 
which embraces the driving wheel over at least part of its 
periphery, for the through passage of mass bodies acting as 
driving means upon the driving wheel and lying loosely 
adjacent to one another in the channel. 

The basic construction of a rotary tightening device having 
the features mentioned above is described in DE 29 31 164 Al; 
in the known rotary tightening device, the belt take-up shaft 
is provided with a driving wheel, the housing in the plane of 
the driving wheel having a channel which embraces the driving 
wheel over part of its periphery; in said channel, mass bodies 
are driven under the action of a pyrotechnic drive out of a 
tube disposed tangentially to the driving wheel or the channel 
and as a result of their friction -locking connection to the 
driving wheel, which for said purpose is provided with a 
circumferential contoured groove, set said driving wheel in 
rotation as they run through the channel. According to an 
embodiment, the mass bodies may take the form of balls made of 
a suitably hard plastics material. An outlet opening 1 for the 
mass bodies may be provided at the end of the channel, the 
mass bodies exiting from the channel through said outlet 
opening and passing into a suitably provided receiving 
container. 

A drawback of said known rotary tightening device is that the 
drive is effected through friction locking; consequently, on 
the one hand, considerable energy is lost and, on the other 
hand, it is difficult to tune the contoured groove and the 
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mass bodies to one another in such a way as to produce a 
defined friction lock and prevent the mass bodies from 
becoming wedged or sliding through without power transmission. 
A further drawback associated with the known rotary tightening 
device is that -when the hard mass bodies encounter the driving 
wheel, because the channel for sealing reasons has only slight 
clearance, a mutual blocking between the periphery of the 
driving wheel and the mass bodies may arise in the channel, 
thereby impairing the efficiency of the drive in the event of 
triggering. 

The object of the invention is therefore to improve a rotary 
tightening device having the features described initially in 
such a way that the transmission of the drive power, which is 
imparted to the mass bodies, to the tightening rotation of the 
belt take-up roller is improved. 

The manner in which said object is achieved, plus advantageous 
refinements and developments of the invention are revealed in 
the claims appended to the present description. 

In principle, the teaching of the invention is such that the 
driving wheel is provided at its outer periphery with a 
gearing for receiving the mass bodies, the pitch substantially 
corresponding to the spacing of the mass bodies. The 
invention offers the advantage that by means of the gearing 
formed on the periphery of the driving wheel a form- fit 
receiving of the mass bodies is realized, as a result of which 
the power transmission between the mass bodies and the driving 
wheel for the belt -take -up shaft is markedly improved. 

According to an embodiment of the invention, it is provided 
that the gearing of the driving wheel for receiving the mass 
bodies is constructed in such a way that the mass bodies, upon 
engagement so as to overlap the gearing, remain permanently in 
contact with other; by said means, the efficiency of power 
transmission is advantageously further improved. 
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According to an embodiment of the invention, the gearing of 
the driving wheel is formed by recesses which extend beyond 
the outer periphery of the driving wheel, the gearing on the 
periphery of the driving wheel preferably taking the form of 
cup-shaped recesses which are adapted to the shape of the mass 
bodies. The effect thereby achieved is an axial, i.e. 
lateral, guidance of the mass bodies in the driving wheel as 
well as synchronous running of the mass bodies in the driving 
wheel. A simultaneous effect achieved by the receiving of the 
mass bodies in the cup-shaped recesses is optimum threading of 
the first mass body to encounter the driving wheel or pass 
into its periphery after triggering of the drive. 

Said cup-shaped construction of the flanks of the 
corresponding gearing moreover provides a large contact 
surface for the individual mass bodies, thereby substantially 
reducing deformation of the two structural parts; extreme 
deformation of the mass bodies would lead to wedging in the 
driving wheel and hence ultimately to blocking of the driving 
wheel . 

According to an embodiment of the invention, it is provided 
that the cup- shaped recesses continuously disposed over the 
periphery of the driving wheel are contiguous. This offers 
the advantage of reliably maintaining the thrust connection 
between the individual adjacent mass bodies as they run 
through the driving wheel and preventing separation of the 
mass bodies and hence interruption of the drive flow between 
the mass bodies as well as power losses for separation of the 
individual mass bodies. According to an embodiment of the 
invention, said advantage is enhanced in that the cup-shaped 
recesses continuously disposed over the periphery of the 
driving wheel overlap one another by a small amount. In an 
embodiment of the invention, it is provided that the mass 
bodies take the form of mass balls and the cup-shaped recesses 
take the form of spherical half -shells in the driving wheel. 
To said end, in an embodiment the invention further provides 
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that the radius of the cup* shaped recesses lies on the thrust 
diameter defined by the theoretical points of contact of the 
successive mass bodies. 

To guarantee efficient threading of the mass balls into the 
driving wheel, according to an embodiment of the invention a 
funnel-like widening of the cup-shaped recess is provided, and 
according to an embodiment of the invention the cup- shaped 
recesses in each case have a transition between them. 

An optimum shape of the transition between the cup- shaped 
recesses is produced when the transition lies on a circular 
path between the centres of the cup-shaped recesses, said 
circular path having a diameter corresponding to the diameter 
of the cup-shaped recess. To achieve a greater contact ratio 
between the mass balls and the cup-shaped recesses, the 
circular path may be disposed on a larger diameter than the 
thrust diameter. 

To achieve threading of the individual mass balls, according 
to an embodiment of the invention it may be provided that the 
outside diameter of the driving wheel is greater by up to one 
mass ball diameter than the thrust diameter of the mass balls. 

For greater ease of assembly and precise positioning of the 
mass balls in the channel, the moulded balls may be 
"magazined" in a continuous casing and said casing may be 
deformable in order to improve the inward directing process 
between the mass balls and the gearing of the driving wheel. 
By virtue of the continuous casing, a continuous string of 
mass balls is formed and, by simply cutting said string, a 
required length having the desired number of bodies may be 
obtained. The mass balls thus positioned are held by the 
casing by means of friction in the desired position in the 
channel, che casing simultaneously also effecting an improved 
sealing-off of the mass balls from the wall of the channel. 
According to embodiments of the invention, the casing may 
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comprise a plastics tube/ in which the moulded balls are 
received and positioned, or the casing may alternatively be 
formed by extrusion-coating the mass balls with a suitable 
material . 

According to an embodiment of the invention, with regard to 
the course of the channel it is provided that the mass balls 
are conveyed only on a tangential course past the outer 
periphery of the driving wheel and, after engagement with the 
gearing of the driving wheel, pass into a collecting 
container, with the result that the mass balls do not co- 
rotate with the driving wheel over a greater angular range, 
thereby avoiding the friction which would otherwise arise. 
According to an embodiment of the invention, it is provided 
that the area of contact between the mass balls and the 
gearing of the driving wheel extends only over an angle at 
circumference of up to 45°. 



In order to guarantee efficient guidance of the mass balls as 
they run through, according to an embodiment of the invention 
it ia provided that the driving wheel over its periphery has a 
groove, which cuts the cup-shaped recesses, for receiving a 
housing- fixed, sword-shaped guide for the mass balls. Here, 
it may be sufficient to provide a respective sword-shaped 
guide on the inlet side of the driving wheel and also on the 
outlet side of the driving wheel for the mass balls. In so 
far as the arrangement of a groove is mentioned in DE 29 31 
164 Al, said groove, described as a contoured groove, has a 
different function compared to the groove in the context of 
the present invention. 

According to an embodiment of the invention, it may be 
provided that the driving wheel in the region of the groove is 
divided into two parts and one half of the driving wheel is 
connected to the belt take-up shaft; nhis enables, in 
particular, greater ease of assembly of the individual parts 
of the tightening device. According :o an embodiment of the 
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invention, it may then be advantageous for the half of the 
driving wheel, which, is associated with the belt take-up 
shaft, to be integrally constructed with the belt take-up 
shaft. 

Such a construction of the rotary tightening device moreover 
allows the two halves of the driving wheel, from a production 
engineering standpoint, to be manufactured from different 
materials . 

A further aspect of the invention is geared towards the 
arrangement of the channel in a rotary tightening device and, 
in said regard, in a special embodiment of the invention it is 
provided that the channel is formed in a tube disposed in the 
belt retractor housing and following a helical course, which 
extends from the outside in towards the belt take-up shaft and 
has a decreasing radius in relation to the belt take-up shaft. 

With regard to the mounting of the tube on the belt retractor 
housing, according to an embodiment of the invention a cap 
made of a resistant material is provided, which is provided 
with a form-fit shaping for fixing the tube on the cap; said 
form- fit shaping may, according to an embodiment of the 
invention, be such that the tube is provided with a bead and 
the cap is provided with a matching throat for receiving the 
bead of the tube; alternatively, the tube may be suspended by 
a U-shaped bend disposed at its free end in a correspondingly 
shaped receiver in the cap. The resistant cap is preferably 
made of metal, e.g. is an aluminium die casting. 



It may likewise be provided that the tube is connected in a 
load -transmit ting manner to the housing of the belt retractor 
by means of suitable and separate holding devices. 
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It may however be sufficient to embed and hence fix the tube 
in a cap made of plastics material, which is connected to the 
belt retractor. 

According- to -embodiments- of the invention, the tube itself may 
be a seamless structural part or comprise two halves which are 
seam- welded to one another. 

According to an embodiment of the invention, it may be 
provided that the gas generator is disposed with the mass 
balls in a line in the axis of the tube, in which case the gas 
generator is locked and fixed in position through suitable 
shaping in the tube. 

To transmit the drive power from the gas generator to the mass 
calls, a drive piston made of elastic material is disposed 
which drive piston for defining an initial volume may be fixed 
with clearance relative to the gas generator by means of 
shapings in the tube. Moreover, it may be provided that, to 
prevent noise, the drive piston is fixed by means of a 
supporting spring against the gas generator and is acted upon 
by the spring. * 

To prevent the drive piston from coming into contact with the 
gearing of the driving wheel after the mass balls have run 
through the tube, the transmission piston may be provided with 
elastic, outward-acting spreading means, the tube at the 
relevant end having a groove, into which the spreading means 
engage and hence fix the drive piston in the tube before the 
drive piston comes into contact with the driving wheel. 

Alternatively, overflow bores which effect stopping of the 
drive piston may be provided in the tube at the end of the 
appropriate piston travel. 

If. in the realization of zhe invention, a collecting 
container has already been provided for the mass balls after 
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they have run through and exited from the channel or the tube, 
according to an embodiment of the invention there is disposed 
at the end of the tube an open collecting tube made of a 
flexible material, which opens into the collecting container 
and suitably brakes the mass balls as they exit from the 
channel. To keep the overall size of the rotary tightening 
device to a minimum, according to the invention the use is 
further provided of a collapsible collecting device which, 
when not in use, is situated inside the contour of the 
tightening device and only upon activation by the mass bodies 
is unfolded beyond the contour of the belt tightening device. 

There follows a description of an embodiment of the invention 
which is illustrated in the drawings. The drawings show: 

Fig.i a three-dimensional view of a belt take-up shaft 

with a tightening device drive. 

Fig. 2 a detail view of the driving wheel, 

Fig. 3 a diagrammatic view of the association between 

driving wheel and mass balls. 

Fig. 4 a detail view of a driving wheel with cup-shaped 

recesses , 

Fig. 5 the subject of Figure 1 in another constructional 

form, 

Fig. 6 the subject of Figure 1 in a further constructional 

form. 

Fig. 7 another embodiment of a rotary tightening device 

acting upon the belt take-up shaft of a belt 
retractor, in a diagrammatic plan view of the front 
of the belt retractor housing, 
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Pig. 8 another constructional form of the rotary tightening 
device shown in Figure 7, 

Pig* 9 an enlarged view of the connection of the gas 
generator to the channel in rotary tightening 
devices according to Figure 7 or 8, 

In a manner not shown in greater detail , a belt take-up shaft 
10 is rotatably mounted in a belt retractor housing generally 
of a U-shaped and load- absorbing design. In order to set the 
belt take-up shaft into a rotation which tightens the webbing 
wound on the shaft, a pyrotechnically actuated drive is 
provided, which comprises a driving wheel made up of the two 
driving wheel halves 11, 12, the driving wheel half 11 in the 
illustrated embodiment being firmly connected to the belt 
take-up shaft 10; as Figure 1 reveals, the second driving 
wheel half 12 during assembly of the rotary tightening device 
is then placed against the first driving wheel half 11 and 
connected thereto by means of a gearing 31. Disposed between 
the two driving wheel halves 11, 12 is a sword box 13 which is 
to be associated with the housing of the belt retractor, 
carries sword- shaped guides 14, 15 extending between the two 
driving wheel halves 11, 12 and whose inner periphery 30 
encloses the outer periphery of the driving wheel li, 12. 

Disposed in the plane of the sword box 13 and the driving 
wheel 11, 12 is a curved tube 16, in the inner channel of 
which are stored the mass balls 18 used to accelerate the 
driving wheel 11, 12. Disposed at one end of the tube 16 is a 
gas generator receiver 17 containing a gas generator (not 
shown in detail) , from which in the event of triggering a gas 
is released and drives the mass balls IB out of the tube 16; 
to said end, a drive piston 19 provided with a seal is 
disposed in the tube 16 and associated with the gas generator 
receiver 17, while a tube closure 20 is situated at the 
opposite end. Seated externally on the tube 16 is a cap 22 , 



WO 95/27638 



PCT/SE95/00388 



10 

which is connected to the associated U-limb (not shown) of the 
belt retractor housing and in the process also carries and 
supports the tube 16 and the sword box 13. 

The basic construction of the driving wheel 1-1 , 12 is revealed 
in detail in Figure 2; continuously disposed on the outer 
periphery of the driving wheel are cup- shaped recesses 23 
which are adapted to the shape of the mass balls 18 , i.e. have 
a radius 32 which is identical to, or slightly greater than, 
that of the mass balls 18. 

As is shown in detail in Figure 4, the individual cup- shaped 
recesses 23 lie on the thrust diameter 26 defined by the 
theoretical points of contact 33 of the successive mass balls 
18. Said thrust diameter 26 may be slightly smaller than 
theoretically calculated in order to take into account the 
deformation/flattening of the mass balls 18 under the high 
surface pressure. The individual cup-shaped recesses 23 are 
manufactured, for example, by radial infeed 38 of a suitable 
shaping body, for example a milling cutter 34, the transition 
between the individual cup-shaped recesses 23 being produced 
by rolling the milling cutter 34 along a circular path 35 
between the points of contact 33, said, circular path likewise 
having a radius 3 6 corresponding to the radius 32 of the cup- 
shaped recesses; the illustrated driving wheel 11, 12 has a 
pitch 37 corresponding to the eleven cup-shaped recesses 23. 

As is evident from a combined viewing of Figures l and 2, the 
driving wheel comprising the two driving wheel halves 11 , 12 
has a groove 24, which extends continuously over its periphery 
and into which the two sword-shaped guides 14, 15 carried by 
the sword box 13 engage. A sword-shaped guide 15 is first 
provided in the open inlet region 28 of the mass balls 18 into 
the driving-wheel provided in the tube 16 and facilitates 
threading of the mass balls 18 into the cup-shaped recesses 
23, while a sword-shaped guide 14 acting as a stripper is 
additionally formed in the outlet region 29, in which the mass 
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balls 18 are to be conveyed back out of the cup- shaped 
recesses 23 of the driving wheel. 

As is evident from Figure 3, the groove diameter 25 lies 
radially at the deepest- point of the cup-shaped recesses 23; 
in the illustrated embodiment, moreover, the outside diameter 
27 of the driving wheel 11, 12 is slightly greater than the 
thrust diameter 26 defined by the theoretical points of 
contact 33 of the successive mass balls 18. 

Upon triggering of the gas generator seated in the gas 
generator receiver 17, the released gases drive the mass balls 
18 stored in the tube 16 out of the tube, the mass balls 18 in 
the open inlet region 28 being driven in a form- fit manner 
into the cup-shaped recesses 23 of the driving wheel 11, 12, 
with assisted guidance by the sword- shaped guide 15 of the 
sword box 13; the mass balls driven successively in mutual 
contact radially into the driving wheel 11, 12 set the driving 
wheel 11 , 12 in rotation so that the belt take-up shaft 10 
executes the desired rotational movement in tightening 
direction. After the mass balls 18 have run past radially, 
the mass balls 18 are removed and collected by means of the 
sword- shaped guide 14 acting as a stripper. During said 
process, the sword-shaped guides 14, 15 prevent an escape of 
the individual mass balls 18 from the desired tangential path 
into the driving wheel 11, 12 which guarantees optimum power 
transmission. In order also to guarantee operation of the 
belt retractor after the tightening process, a clean 
separation of the mass balls 18 from the driving wheel 11, 12 
is provided by the sword-shaped guide 14 acting as a stripper. 

Figures 5 and 6 each show different constructions with regard 
to the mounting of the tube 16 on the cap 22, the cap for 
absorbing stress being made of metal, preferably being an 
aluminium die casting, and being firmly connected to the belt 
retractor housing {not shown) . In the embodiment shown in 
Fig. 5, the tube 16 at its opposite end to the gas generator 
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receiver 17 has a bead 41, associated with which is a 
correspondingly shaped throat 42 on the cap 22 so that, upon 
assembly of the structural parts, the tube 16 is fixed on the 
cap 22. An alternative fastening is shown in Figure 6, in 
which the corresponding end of the tube 16 carries a U-shaped 
bend 43, the free end of which is T-shaped; the cap 22 has a 
matching receiver 44 of a corresponding shape, at which the 
tube 16 may therefore be fixed. 

Figure 6 reveals further details, over and above the view of 
Figure i, whereby operation of the rotary tightening device is 
guaranteed. 

Thus, to prevent clattering noises, the drive piston 19 or 
alternatively the first mass body 18 is supported by means of 
a supporting spring 45 against the gas generator seated in the 
gas generator receiver 17. The drive piston 19 further has on 
its outer periphery elastic, outward-acting spreading means 46 
and in the tube 16 there is, associated with said spreading 
means 46 at the end of the distance to be travelled by the 
drive piston IS in the tube 16, a groove 47 in which the 
spreading means 46 of the drive piston 19 catch, thereby 
preventing the drive piston 19 from entering the recesses 23 
of the driving wheel 11, 12. Alternatively or additionally, 
overflow bores 48 may be formed in the tube 16 at the relevant 
end of the operating travel of the drive piston 19, the drive 
piston 19 upon reaching said overflow bores being no longer 
pressure- loaded owing the outward flow of the propelling gas 
and hence being brought to a standstill. 

In the region of the transition between the gas generator 
disposed in the gas generator receiver 17 and the drive piston 
19, the gas generator receiver 17 may have a desired breaking 
point 4 9 , which acts as a pressure relief device in order, 
e.g. in the event cf blocking of the drive, to guarantee safe 
discharge of the excess pressure generated by the gas 
generator in the system because, in the event of such excess 
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pressure, the desired breaking point tears open and releases a 
window enabling the gas to flow off. 

Figures 7 and 8 illustrate embodiments of the invention, in 
which the driving wheel for a rotary tightening device takes 
the form of a simple pinion provided with an external gearing 
and is connected to the belt take-up shaft. 

In the embodiment shown in Figure 7, the belt take-up shaft 10 
is mounted in a housing 51 of a belt retractor 50 and engages 
with an axial extension through the associated side limb 53 of 
the housing 51; mounted on the extension in a keyed manner is 
a pinion 54 as a driving wheel with an external gearing 55. 

The side limb 53 of the housing 51, or a separate structural 
part mounted thereon, forms within it a channel 56 which at 
one end has a preferably pyrotechnic unit 57. The channel 56 
is formed in the housing 51 or its side limb 53 or the 
associated structural part with a helical course directed from 
the outside in towards the belt take-up shaft 10, and indeed 
with a decreasing radius in relation to the belt take-up shaft 
10, until the channel 56 tangentially meets the pinion 54 or 
its external gearing 55 and at said point forms, for the mass 
bodies 18 which are situated in the channel 56 and are to be 
driven in the event of triggering by the pyrotechnic drive 
unit, an area of engagement 58 with the external gearing 55 of 
the pinion 54. 

The channel 56 encloses part of the periphery of the pinion 54 
and opens into an outlet opening 60 in an offset plane, 
through which the mass bodies 18 driven in the channel 56 
leave the channel 56, for which purpose the belt retractor 50 
is provided with a collecting container (not shown in detail) 
of the type basically described in DE 29 31 164 Al . 



WO 95/27638 



PCI7SE95/00388 



14 

The mass bodies 18 are surrounded by a continuous casing 61 so 
that a continuous string of mass bodies is formed. The casing 
61 may comprise a plastics tube, in which the mass bodies 18 
are introduced and positioned, or alternatively a continuous 
and coherent extrusion coating of the individual mass bodies. 
By cutting the continuous string the required length may be 
adjusted, said string because of the flexible nature of its 
material on the one hand effecting a sealing-of f of the mass 
bodies 18 in the channel 56 but at the same time also 
improving the inward directing process between the mass bodies 
18 and the gearing 55 of the pinion 54. 

The alternative embodiment of a rotary tightening device shown 
in detail in Figure 8 is substantially identical in 
construction to the embodiment according to Figure 7 described 
above and, to said extent, identical parts are provided with 
the same reference numerals. In the embodiment shown in 
Figure 8, the channel 56 extends in a separate and, in 
accordance with the embodiment of Figure 7, curved tube 62, 
which is seamless or comprises two seam-welded halves; the 
tube 62 is inserted in a cap 63, made of plastics material and 
connected to the housing 51 of the belt retractor 50, and 
connected with an interference fit to the housing 51 by means 
of clamps 64 . 

Integrated into the tube 62 at its inlet end is a gas 
generator 65, which is fixed by means of a necking 66 in the 
tube. Disposed between the outlet of the gas generator 65 and 
the first mass body 18 is a transmission piston 67 as a drive 
piston made of an elastic material, said transmission piston 
67 in order to form an initial volume 68 being disposed with 
clearance relative to the gas generator 65 and, on the other 
hand, being fixed by a shaping 69 in the form of neckings in 
the manner shown in detail in Figure 9. 

The area of action between the mass balls 18 and the external 
gearing 55 of the pinion 54 extends only over the tangential 
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region so that the mass balls 18 are in contact with the 
pinion gearing 55 over an angle at circumference of at most 
45° and are then discharged in the opening formed 
rectilinearly relative to the channel 56. For said purpose, a 
collecting container- 71- is formed in the housing 51, there 
being associated with the outlet of the channel 56 an open 
collecting tube 70 made of an elastic material, by means of 
which the discharged mass balls 18 are braked. 



The features of the subject of the present document which are 
disclosed in the above description, the claims, the abstract 
and the drawings may both individually and in any desired 
combination with one another be central to the realization of 
the invention in its various embodiments. 
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Mass-body drive for a rotary tightening device 

Claims 

Rotary tightening device for a safety belt, particularly 
in motor vehicles, having a belt retractor, whose belt 
take-up shaft upon triggering of the rotary tightening 
device coupled thereto is rotated in the take-up 
direction of the safety belt, there being associated with 
the belt take-up shaft, as a drive, a driving wheel in 
whose plane the housing of the belt retractor forms a 
channel, which embraces the driving wheel over at least 
part of its periphery, for the. through passage of 
accelerated mass bodies acting as driving means upon the 
driving wheel and lying loosely adjacent to one another 
in the channel, characterized in that the driving wheel 
(11, 12, 54) is provided at its outer periphery with a 
gearing (recesses 23; 55) for receiving the mass bodies 
(18), the pitch of the gearing substantially 
corresponding to the spacing of the mass bodies (18) . 

Rotary tightening device according to claim 1, 
characterized in that the gearing (recesses 23) of the 
driving wheel (11, 12) is fashioned in such a way that 
the mass bodies (18) , upon engagement so as to overlap 
the gearing (recesses 23) , remain permanently in contact 
with one another. 

Rotary tightening device according to claim 2, 
characterized in that the gearing of the driving wheel 
(11, 12) is formed by recesses (23) which extend beyond 
the outer periphery of the driving wheel. 

Rotary tightening device according to one of claims 1 Co 
3, characterized in that the gearing of the driving wheel 
(11, 12) takes the form of cup-shaped recesses (23) which 



WO 95/37638 



PCT/SE95/00388 



17 



lie on the outer periphery of the driving wheel and are 
adapted to the shape of the mass bodies (18) . 

Rotary tightening device according to claim 4, 
characterized in that the cup-shaped recesses' (23) 
continuously disposed over the periphery of the driving 
wheel (ii r 12) are contiguous. 

Rotary tightening device according to claim 4, 
characterized in that the cup-shaped recesses ' (23) 
continuously disposed over the periphery of the driving 
wheel (ii, 12) overlap one another by a small amount. 

Rotary tightening device according to one of claims i to 

6, characterized in that the mass bodies (18) take the 
form of mass balls and the cup-shaped recesses (23) are 
spherical half -shells. 

Rotary tightening device according to one of claims l to 

7, characterized in that the radius of the cup-shaped 
recesses (23) l ies on the thrust diameter (26) defined by 
the theoretical points of contact of the successive mass 
balls (18) . 

Rotary tightening device according to one of claims l to 

8, characterized in that the cup-shaped recesses (23) are 
widened in a funnel -like manner. 

Rotary tightening device according to one of claims l to 

9, characterized in that the cup-shaped recesses (23) 
have a transition from one recess to the other. 

Rotary tightening device according to claim 10, 
characterized in that the transition between the cup- 
shaped recesses (23) l ies on a circular path between the 
centre of the cup-shaped recesses (23), the circular path 
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having a diameter corresponding to the diameter of the 
cup-shaped recess (23) . 

Rotary tightening device according to one of claims l to 

11, characterized in that the outside diameter (27) of 
the driving wheel (11, 12 ) is up to one mass ball 
diameter greater than the thrust diameter (26) of the 
mass balls (18) . 

13. Rotary tightening device according to one of claims 1 to 

12, characterized in that the mass balls (18) are 
connected in a magazine -like manner to one another by 
means of a flexible casing (61) . 



14 . 



Rotary tightening device according to claim 13, 

characterized in that the casing (61) comprises a 

plastics tube in which the mass balls (18) are received 
and positioned. 

15. Rotary tightening device according to claim 13, 

characterized in that the casing (61) comprises an 
extrusion coating of a. suitable material. 



16 . 



Rotary tightening device according to one of claims 1 to 
15, characterized in that the mass balls (18) are guided 
on a tangential course past the outer periphery of the 
driving wheel (11, i 2; 54) and, after engagement with the 
gearing (recesses 23; 55) of the driving wheel, are 
guided directly into a collecting chamber (71) . ' 

Rotary tightening device according to claim 16, 
characterized in that the area of action between mass 
balls (is) and the driving wheel gearing (recesses 23; 
55) extends over an angle at circumference of up to 4 5". 

8. Rotary tightening device according to one of claims 1 co 

ized in that the driving wheel (11, 12) over 



L7 
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its periphery has a groove (24) , which cuts the cup- 
shaped recesses (23), for receiving a housing- fixed, 
sword-shaped guide (14, 15) for the mass balls (18) . 

19. Rotary tightening, device according to claim 18, 
characterized in that a respective sword- shaped guide 
(15, 14) is provided both in the inlet region (28) of the 
driving wheel (11, 12) and in the outlet region (29) for 
the mass balls (18) on the driving wheel (11, 12) . 

20. Rotary tightening device according to one of claims l to 
19, characterized in that the driving wheel (n, 12 ) is 
divided into two parts in the region of the groove (24) 
and the one half {11) of the driving wheel is connected 
to the belt take-up shaft (10) . 

21. Rotary tightening device according to claim 20, 
characterized in that the half (11) of the driving wheel 
associated with the belt take-up shaft (10) is integrally 
constructed with the belt take-up shaft (10) . 

22. Rotary tightening device according to claim 20 or 21, 
characterized in that the two halves (11, 12) of the 
driving wheel are made of different materials, 

23. Rotary tightening device for a safety belt, particularly 
in motor vehicles, having a belt retractor, whose belt 
take-up shaft upon triggering of the rotary tightening 
device coupled thereto is rotated in the take-up 
direction of the safety belt, there being associated with 
the belt take-up shaft, as a drive, a driving wheel in 
whose plane the housing of the belt retractor forms a 
channel, which embraces the driving wheel over at least 
part of its periphery, for the through passage of 
accelerated mass bodies acting as driving means upon the 
driving wheel and lying loosely adjacent to one another 

characterized in that the channel (56) is 
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formed in a tube (16, 62), which is fixed on the belt 
retractor (50) and has a helical course directed from the 
outside in towards the belt take-up shaft (10) and having 
a decreasing radius relative to the belt take-up shaft 
(10). 

24. Rotary tightening device according to claim 23, that, for 
mounting the tube (16) on the belt retractor housing/ a 
cap (22) made of a resistant material is provided with a 
form- fit shaping (42, 44) for fixing the tube (16) on the 
cap (22) . 

25. Rotary tightening device according to claim 24, 
characterized in that the tube (16) is provided with a 
bead (41) and the cap (22) is provided with a matching 
throat (42) for receiving the bead (41) of the tube (16) . 

26. Rotary tightening device according to claim 24, 
characterized in that the tube (16) at its free end may 
be suspended by a U-shaped bend (43) in a correspondingly 
shaped receiver (44) in the cap (22) . 



Rotary tightening device according to claim 23, 
characterized in that the tube (16, 62) is mounted in a 
load- transmitting manner on the belt retractor housing by 
means of suitable and separate holding devices. 

Rotary tightening device according to claim 23, 
characterized in that the tube (62) is embedded in a cap 
(63) made of plastics material which is connected to the 
belt retractor housing. 

Rotary tightening device according to one of claims 23 to 
28, characterized in chat the tube (16, 62) is a seamless 
structural part . 
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Rotary tightening device according to one of claims 23 to 
28, characterized in that the tube (16, 62) comprises two 
halves which are seam welded to one another. 

31. - Rotary tightening device according to one of claims 23 to 

30, characterized in that the tube (62) receives the gas 
generator (65) for driving the mass balls (18) in its 
longitudinal axis subsequent to the mass balls (18) , the 
gas generator being fixed in the tube (62) by means of a 
shaping (66, 69) . 

32 . Rotary tightening device according to one of claims 23 to 
11, characterized in thap a drive piston (19, 67) made of 
elastic material is disposed between the gas generator 
(17, 65) and the mass balls (18) . 

33. Rotary tightening device according to claim 31, 
characterized in that the drive piston (19, 67) for 
defining an initial volume (68) is fixed with clearance 
relative to the gas generator by means of shapings (66, 
69) in the tube (62) . 

34. Rotary tightening device according to one of claims 23 to 
33, characterized in that the drive piston (19) is 
supported against the gas generator by means of a 
supporting spring (45) . 
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35. Gas generator according to one of claims 23 to 34, 
characterized in that provided at the outer 
periphery of the drive piston (19) are elastlcally 
outwardly directed spreading means (46) which 
engage into a groove (47), which is disposed in 
the running direction of the mass balls through 
the tube at the end of the running distance, and 
fix the drive piston (19) in the tube (16). 



36. Rotary tightening device according to one of 
claims 23 to 34, characterized in that overflow 
bores (48) for escape of the propel lan t are 
disposed at the end of the travel of the drive 
piston (19) through the tube (16). 

37. Rotary tightening device according to one of 
claims 23 to 36, characterized in that a pressure 
relief device in the form of an opening openable 
by means of a desired breaking point (49) is 
provided in the region of the initial volume (68) 
between the gas generator and drive piston ( 19 ) . 

38. Rotary tightening device according to one of 
claims 1 to 37, having a collecting container for 
the mass bodies after their run through the 
channel, characterized in that there is disposed, 
as a collecting device, an open collecting tube 
(70) made of a flexible material which opens into 
a collecting chamber (71). 

39. Rotary tightening device according to one of 
claims 1 to 37, having a collecting container for 
the mass bodies after their run through the 
channel, characterized in that the collecting 
device is disposed in a folded manner in the 
contour of the rotary tightening device and may 
unfold upon triggering of the rotary tightening 
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